Purpose: Therapeutic climbing has become very popular today, with it being reported as a new method for preventing and treating orthopedic trauma to the shoulder joint. However, objective studies on its effects on the musculoskeletal system are still lacking. The objective of the present study was to investigate the effects of wall inclination during therapeutic climbing on the muscle activity around the shoulder joint. Methods: In this study, the participants performed movements at three different inclination angles of 0°, +15°, and -15°. sEMG was performed to measure the activities of five different muscles around the shoulder joint (biceps brachii, serratus anterior, upper trapezius, middle trapezius, and lower trapezius muscles). Results: Biceps brachii muscle showed a significant increase at -15°, as compared to 0° (p< 0.01), and the serratus anterior also showed a significant increase at -15°, as compared to 0° (p< 0.05). Moreover, the middle and lower trapezius muscles also showed a significant increase at -15°, as compared to 0° (p< 0.001). Compared to 0°, all muscles showed decreased values at 15°, but the differences were not statistically significant (p> 0.05). Conclusion: Therapeutic climbing may be a new therapeutic approach that can increase muscle strength and coordination in the sensory nervous system, since it can be used as a tool that promotes active movement by altering wall inclination and causing the user to generate movements according to the existing situation.
INTRODUCTION
Sports climbing is a whole-body exercise that requires the use of both hands and both legs, where the exercise effect varies depending on how the hand and foot holds are held and for how long. It can build muscle strength, muscle endurance, cardiopulmonary endurance, and flexibility, and thus, it can be used to train body coordination, speed, agility, balance, and quickness. 1 Therapeutic climbing that utilizes these elements was first introduced in the early 2000s by Dr. Rene Kittel of Germany through the Potsdam model. In recent times, this novel therapeutic approach, which uses the motions involved in artificial wall climbing, has been applied in the field of physical therapy to treat not only orthopedic disorders, but also trauma, neurologic, and mental disorders. 2 Therapeutic climbing has the characteristic ability of simultaneously stimulating muscle strength, agility, and coordination, and as a result, there is an increasing trend of its use in treating patients with orthopedic disorders and injuries. 3 The shoulder joint has the largest range of motion in the human body and is most susceptible to dislocation and subluxation, where chronic shoulder pain represents a typical musculoskeletal disorder that can cause symptoms such as shoulder pain, limited range of motion, or functional impairments. 4, 5 Patients with shoulder impingement syndrome or rotator cuff injury showed limited scapular upward rotation, posterior tilt, and internal rotation of the shoulder. The first step in shoulder rehabilitation must be comprised of exercise that can normalize the activity of force couple of the scapular muscles and return the scapula to its normal position at rest. Based on such rationale, exercise that can reduce the activity level of the upper trapezius and induce activation of the middle trapezius, lower trapezius, and serratus anterior should be selected for shoulder stability exercise.
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To effectively apply rehabilitation training, it is necessary to have a training method that can increase the exercise effect and targets muscle activation. The level of difficulty for exercises can be increased or decreased by altering the intensity of the exercise. The level of difficultly of therapeutic climbing can be adjusted by altering the positions of the hand and foot holds, point of body contact fixed on the wall, and wall inclination. 12 However, studies on changes in such difficulty levels of training have been limited to static therapeutic climbing exercise for the leg and trunk muscles. 13, 14 Moreover, most studies have examined the effects of therapeutic climbing training on psychological effects and improvement effects on fitness and functional performance, while analyses on changes in muscle activities at specific angles based on wall inclination during climbing are still lacking. Accordingly, the objective of the present study was to conduct a comparative analysis on the changes in muscle activities of biceps brachii, serratus anterior, upper trapezius, middle trapezius, and lower trapezius muscles based on wall inclination during therapeutic climbing.
METHODS

Participants
The present study included 30 men. No participants had any physical defect that would affect the study results, had any pain related to musculoskeletal disorders in the past six months, or had any visual or hearing impairment that would interfere with their ability to adjust the wall inclination. Prior to the study, the participants received sufficient explanation on the objective and methods of the study, and those who voluntarily gave their consent to participate in the experiment were included.
Methods
For observation of muscle activities around the shoulder area during climbing based on different wall inclination, the climbing wall inclination angles were set to 0° (vertical), 15° (positive inclination), and -15° (negative inclination) ( Figure 1 ). The movements performed during therapeutic climbing consisted of diagonal climbing with unilateral adduction and external rotation, as presented by Rene Kittel, 15 and the movements were performed with the inclination already adjusted ( Figure 2 ).
Muscle activity measurement
BTS FreeEMG 1000 system (Bioengineering, Inc., Italy) was used to measure muscle activity in the biceps brachii, serratus anterior, and upper, middle, and lower trapezius muscles. To reduce skin resistance against surface-electromyography (sEMG) signals, hair on the attachment area was removed and the area was scrubbed 2-4 times with an abrasive to remove any dead skin, after which, rubbing alcohol was used to clean the skin (Table 1) . 16 The collected data were sent over a wireless LAN communication 
Statistical methods
The experimental data were analyzed using SPSS ver. 12.0 for windows (SPSS Inc., Chicago, IL, USA). All data were tested for normal distribution using the Shapiro-Wilk test, while descriptive statistics were used for general characteristics of the participants. For comparisons of differences between the groups, significance testing was performed using one-way ANOVA. A Post-hoc test was performed using the Tukey's multiple range test. For testing of statistical significance, the significance level was set to α= 0.05.
RESULTS
General characteristics of the participants
The participants in the present study consisted of 30 men, whose mean age, height, and weight were 26.4 ± 6.7 years, 175.7± 7.5 cm, and 72.7±12.4 kg, respectively (Table 2 ).
Significance testing by each angle for changes in muscle activity
Assessment of the changes in muscle activity showed significant differences in the biceps brachii, middle trapezius, and lower trapezius muscles (p < 0.01), and the serratus anterior muscle also showed a significant difference (p < 0.05). Post-hoc test results showed that the biceps brachii muscle showed a significant increase at -15°, as compared to 0° (p < 0.01), and the serratus anterior also showed a significant increase at -15°, as compared to 0° (p < 0.05). Moreover, the middle and lower trapezius muscles also showed a significant increase at -15°, as compared to 0° (p < 0.001). Compared to 0°, all muscles showed decreased values at 15°, but the differences were not statistically significant (p> 0.05) ( Table 3 ).
DISCUSSION
Pain in the shoulder joint can occur from musculoskeletal disorders caused by improper movement and overuse during physical activities, and shoulder pain represents the second most-common pain after lower back pain. 19 Physical therapy interventions used in clinical practice to resolve shoulder pain includes approaches such as exercise therapy, self-stretching exercise, proprioceptive neuromuscular stimulation, group and home exercise programs and taping therapy. [19] [20] [21] Compared to other rehabilitation exercise, therapeutic climbing requires a greater level of active participation by the patient, which has been reported to be effective in increasing muscle strength, mobility, and whole-body coordination. 22 Moreover, therapeutic climbing has become very popular today, with it being reported as a new method for preventing and treating orthopedic trauma to the shoulder joint. However, objective studies on its effects on the musculoskeletal system are still lacking.
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The objective of the present study was to investigate the effects of wall inclination during therapeutic climbing on the muscle activity around the shoulder joint. In this study, the participants performed sEMG was performed to measure the activities of five different muscles around the shoulder joint. The biceps brachii, serratus anterior, middle trapezius, and lower trapezius muscles showed increased muscle activity at -15°, as compared to 0°, however, the upper trapezius did not show any significant increases in muscle activity. Moreover, although there were decreases in values in comparison between 0° and +15°, the differences were not statistically significant.
Regarding muscle activity, MVICs of ≤ 20%, 21-40%, and 41-60% indicate low, moderate, and high muscle activity, respectively, while MVIC > 60% indicates very high muscle activity. 25 In the study by
Martin Pühringe et al. 26 that compared shoulder muscle activity according to hand grip shape and inclination, the muscles around the shoulder joint showed low or moderate activity when the wall inclination was vertical or negative during therapeutic climbing, based on the report that such movement was appropriate for the initial stage of rehabilitation. Those findings were consistent with the results of the present study.
In the study by Cho et al. 27 that investigated the changes in the time of muscle onset in the anterior deltoid, posterior deltoid, pectoralis major, and upper trapezius according to body tilting angle during push-up motion, the upper trapezius muscle contracted first at 0° and 30°, while muscle recruitment appeared in the order of anterior deltoid, posterior deltoid, and pectoralis major. The study reported that to generate a strong force, truncal stabilization was needed before the push-up motion, and as a result, muscles associated with the spine contracted first. In the present study, based on the characteristics of posture and motion associated with hanging on the therapeutic climbing wall, muscle activity in the middle and lower trapezius muscles appeared higher than in the upper trapezius muscle to allow the shoulder to maintain a neutral position and achieve spinal stability, and this appeared at the highest level, an inclination of -15°.
A study by Shin et al. 28 that compared muscle activity according to active/passive trunk tilting using a three-dimensional dynamic postural balance exercise machine reported that the muscles were used more optimally in the active mode than in the passive mode, because in the active mode triggered the ability of the user to accurately reach the desired angle and direction and maintain that position, as well as bodily coordination in the sensory nervous system involving the muscular, visual, and vestibular systems. Moreover, during body tilting, the muscles on the side opposite to the direction of tilt are activated, resulting in an interaction between the body position and movement conditions which achieves control over body balance. This can serve as evidence that therapeutic climbing may be a new therapeutic approach that can increase muscle strength and coordination in the sensory nervous system, since it can be used as a tool that promotes active movement by altering wall inclination and causing the user to generate movements according to the existing situation.
In the present study, the muscles around the shoulder were more active at an inclination of -15° than 0°, which is believed to be the result of arm muscles being used more than leg muscles during the climbing movement. It is also believed that at an inclination of +15°, muscle activity in the muscles around the shoulder decreased since a greater percentage of leg muscles were used for climbing. The findings in the present study may be used in future studies to prove various effects of therapeutic climbing, but for now, the findings are expected to be used as reference data to select therapeutic methods in clinical practice.
The limitations in the present study included the small study population, and thus, it would be difficult to generalize the findings.
Moreover, the measurements were limited to just three inclination angles, and the study also did not conduct detailed testing on muscle recruitment order and usage rates through simultaneous measurements of the arm and leg muscles. It is believed that future studies should examine muscle activities in different body parts during movements at various inclination angles.
